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AIRLOADS  INVESTIGATION  OF  AN  0.030-SCALE  MODEL 


OF  THE  SPACE  SHUTTLE  VEHICLE 
140A/B  LAUNCH  CONFIGURATION  (MODEL  47-OTS) 

IN  THE  ARC  11 -FOOT  UNITARY 
PLAN  WIND  TUNNEL  FOR  MACH  RANGE  0.6  TO  1.4  (IA14A) 

VOLUME  2 

By  R.  L.  Gillins,  Rockwell  International  Space  Division 

ABSTRACT 

This  report  presents  results  of  tests  conducted  on  an  0. 030-scale 
launch  configuration  nrodel  of  the  Space  Shuttle  Vehicle  140A/B  in  the 
NASA/ARC  11-Foot  Unitary  Plan  Wind  Tunnel.  Aerodynamic  loads  data  were 
obtained  at  Mach  numbers  from  0.6  to  1.4. 

Surface  pressure  distributions  were  obtained  simultaneously  with  six 
component  stability  and  control  force  data  on  the  complete  launch  configu 
ration.  The  configuration  consisted  of  the  orbiter,  an  external  tank, 
two  solid  rocket  boosters,  and  associated  intercomponent  attach  hardware. 
Angles  of  attack  and  sideslip  from  -10  degrees  to  +10  degrees  were  inves- 
tigated. The  tests,  designated  IA14A,  were  conducted  from  4 September 
1973  through  13  September  1973. 
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INTRODUCTION 


The  0. 030-Scale  aero  loads  Space  Shuttle  Model  was  tested  in  the  ARC 
Unitary  Plan  Wind  Tunnels  as  follows: 

IA14A  4 thru  13  Sept.  1973 

IA14B  17  thru  19  Sept.  1973 

0A22A  13  thru  14  Sept.  1973 

0A223  19  thru  20  Sept.  1973 

For  tests  IA14B,  OA22A,  and  0A22B,  see  reference  34,  35,  and  36, 
respectively. 

The  testing  was  conducted  in  the  11-foot  and  the  9-  by  /-foot  tunnels 
of  the  ARC  Unitary  Plan  Wind  Tunnels.  The  IAI4A/B  tests  were  for  the  launch 
configurations  at  Mach  numbers  from  O.G  to  2.2.  The  0A22A/B  tests  were  for 
the  orbiter  alone  configuration  at  Mach  numbers  from  0.6  to  2.2.  The  effects 
of  control  surface  deflections  were  also  investigated  in  tests  0A22A/B. 

This  report  for  test  1A14A  consists  of  one  volume  of  force  data  and  ten 

volumes  of  pressure  data  for  a total  of  eleven  volumes  arrayed  in  the  following 
manner: 

Volume  No.  Contents 

i-  IA14A  force  data 

IA14A  plotted  pressure  data 
1A14A  tabulated  pressure  data 

(a)  Orbiter  fuselage  (B) 

(b)  Orbiter  base  (C) 
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kjliW 'Mill  l«  I II 


Volume  No. 

Contents 

Page 

4. 

IA14A  tabulated  pressure  data 

(a)  OMS  nozzle  (E) 

(b)  Body  flap  (F) 

(c)  OMS  pod  outside  (M) 

919-1145 

1146-1338 

1339-1531 

5. 

IA14A  tabulated  pressure  data 
(a)  Lower  wing  sur-^ace  (L) 

1532-2414 

6. 

IA14A  tubulated  pressure  data 

(a)  Upper  wing  surface  (U) 

2415-3297 

7. 

lAl’A  tabulated  pressure  data 

(a)  Left  vertical  tail  surface  (V) 

3253-3603 

(b)  Right  vertical  tail  surface  (R) 

3604-3909 

8. 

IA14A  tabulated  pressure  data 

(a)  SRM  booster  (S) 

3910-4444 

9. 

IA14A  tabulated  pressure  data 
(a)  External  tank  (T) 

4445-5031 

(b)  SRM  nozzle  (X) 

5032-5161 

10. 

IA14A  tabulated  pressure  data 

(a)  Externa!  tank  base  & SRM 
booster  base  (Y) 

51b2-5354 

(b)  Orbite-  attach  points  (1) 

5355-5941 

11. 

IA14A  tabulated  pressure  data 

(a)  External  tank  attach  points  (2) 

(b)  Externa'  tank  base  rake  (3) 

5942-6313 

6314-6412 

0 


NOMKNCLATimE 

GcMeral 


sad:;ac 


SYMBOL 

SYMBOL 

jEFINITION 

npoed  of  sound;  m/sec,  ft/sec 

CP 

prnssur':  coefficient;  (p;^  - p^)/q 

M 

MACH 

M*-!ch  iiumber;  v/a 

P 

pre;n:iu-e;  IJ/nO,  psf 

q 

Q(NSM) 

dynamic  pressure;  l/pp\r-,  N/V\  psf 

J^]/L 

unit  Reynolds  number;  pcT  m,  per  ft 

V 

vpioclty:  m/r,ec,  ft/sec 

a 

ArPlL\ 

'ingle  "■  attack,  de^ees 

BETA 

anglt’  of  sideslip,  degrees 

¥ 

PC :. 

'nigl(‘  of  yaw,  degrees 

PHI 

'ingle  of  roll,  degrees 

P 

mans  density;  kg/m-^^,  slugs/ft- 

Reference  & C.G.  Definitions 

.‘\b 

base  ar^a;  mC,  ft'' 

1 

BP  LT 

reference  span;  m,  ft 

center  of  gravity 

relerence  length  or  wing  mean 
•M  rodyriamic  chord;  m,  ft 

SKKK 

wing  area  or  reference  area;  m , ft' 

MHP 

rnomt  rit  r^-fcrema*  point 

XJ^KP 

momeait  reference  point  on  X axis 

Yr41H“ 

rnr.ment  refc-renrv.  point  on  Y '-ixis 

CMP! 

riiorn^ait  refer^-nce  point  on  L axis 

::ub:o^ipt: 

- 

Pa  ;a  ■ 

1 

<D 

1 oca  1 

■Pa tie  I’onditions 
teyt'j]  conditions 
frf'o  stream 

10 


NOMENCLAUlKfi  (Continued) 
Body-Axis  System 


SmBOL 

SADSAC 

SYMBOL 

DEFINITION 

% 

CN 

normal-force  coeff  1 ri pnt.*  normal  force 

CA 

qS 

axial-force  coeff i c-f  pnt • axial  force 

Cy 

CY 

qS 

side-force  coeff’1  side  force 

C/B 

qS 

base-force  coeff  i e-i  - base  force 

Ca 

Af 

CAF 

q® 

”^b(pb  ‘ Poo)/qS 

forebody  axial  force  coefficient, 

cm 

pitching-moment  coefficient.!  pitching  moment 

qS/pEF 

yawing-moment  coefficient;  yawing  moment 

Cn 

CYN 

H 

CBL 

qSb 

rollinf^-moraent  coeff  1 ci  pnt • rolling  moment 

Cl 

CL 

qSb 

Stability -Axis  System 
lift  coef f i r 1 pnt • lift 

CD 

CD 

qS 

drag  coefficient;  drag 

CDB 

base-tlrafT  cot-rf  ici  ont  • drag 

Cd^. 

CDF 

qS 

forf'body  drag  coefficient:  Cn  - Cn 

D D^^ 

Cy 

CY 

side-force  coefr  i ci  onh  • -ide  forcr- 

On 

cm 

qS 

|•ik(•hiMg-mom"nt  coefficient-  pitching  moment 

CLN 

l-ip,KF 

yawlrig-momcnt  (‘0(.^f f 1 ('1  pnt * Y'-'^wing  moment 

H 

csr, 

qSb 

roiling-momcoTt  coeffiHpnt*  rolling  moment 

l/d 

l/d 

qSb 

Uft-to-drag  ratio;  Cjy^Cj) 

n 


NOMENCLATURE  (Continued) 
Additions  To  Standard  List 


Symbol 

SADSAC 

Symbol 

Definition 

^ ) 

model  base  area,  subscript  is  base  orifice  number 
and  identifies  location 

CAB 

model  base  axial-force  coefficient 

) 

model  static  pressure  coefficient,  subscript  is 
orifice  number,  [p^  ^ - P^]/q 

*^AU 

CA 

axial- force  coefficient,  unadjusted 

^AF 

CAF 

forebody  axial- force  coefficient,  C;\u  adjusted  for 
base  terms 

I.T 

external  tank 

IV 

integrated  vehicle,  consists  of  orbiter,  external 
tank,  and  two  solid  rocket  motors 

^REF 

LREF 

reference  length,  inches 

MRC 

moment  reference  center 

OMS 

orbital  maneuvering  system 

A 

e 

ELEVON 

eleven,  surface  deflection  angle,  positive  deflection 
trailing  edge  down,  degrees 

BDFLAP 

orbiter  body  flap  deflection  angle,  positive  de- 
flection angle  is  trailing  edge  down,  degrees 

■■'R 

RUDDER 

rudder,  surface  deflection  angle,  positive  deflection 
trailing  edge  to  the  left,  degrees 

''SB 

SPDBRK 

speed  brake  deflection  angle,  left  split  rudder  trail 
ing  edge  left  and  right  split  rudder  trailing  edge 
right,  + 'Sj^(^)/2,  positive  deflection, 

degrees 

A-, 

ORBING 

incidence  angle  between  the  orbiter  and  external 

tank,  1q  - oiQ  - aj,  degrees 
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NOMENCLATURE  (Continued) 


BETAT 

angle  of  sideslip  of  external  tank,  degrees 

“T 

ALPHAT 

angle  of  attack  of  external  tank,  degrees 

LB 

length  of  orbiter  body,  in 

h 

LT 

length  of  external  tank,  in 

k 

LS 

length  of  SRM  booster,  in 

4m 

LNM 

length  of  OMS  nozzle,  positive  direction  forward 
of  exit  plane,  in 

4p 

LNP 

length  of  MPS  ;.ozzle,  positive  direction  forward 
of  exit  plane,in 

b/2 

BW 

wing  semi -span,  in 

BV 

vertical  tail  span,  in 

X 

X 

distanc  from  component  nose,  in 

y 

Y 

lateral  distance  from  centerline,  in 

2 

Z 

vertical  distance  measured  from  W.L.  500  (vertica 
tail  reference  root  chord),  in 

S 

CW 

local  wing  chord,  in 

CV 

local  vertical  tail  chord,  in 

CQ 

X 

X/LB 

longitudinal  position/orbiter  body  length 

x//t 

X/LT 

longitudinal  position/external  tank  length 

x/i^ 

X/LS 

longitudinal  position/booster  length 

^^4m 

X/LNM 

longitudinal  position/OMS  nozzle  length 
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NOMENCLATURE  (Concluded) 


X//|^p 

X/LNP 

longitudinal  position/MPS  nozzle  length 

x/Cw 

X/CW 

local  chordwise  position/ local  wing  chord  length 

x/C^ 

x/cv 

local  chordwise  position/local  vertical  tail 
chord  length. 

n 

Y/BW 

local  spanwise  posi tion/wing  semi-span 

Z/BV 

local  spanwise  position/vertical  tail  span 

Xcp// 

XCP/L 

center  of  pressure  distance  from  MRC,  expressed  as 
a fraction  of  body  length 

O 

"0 

BETAO 

angle  of  sideslip  of  orbiter 

'‘0 

ALPHAO 

angle  of  attack  of  orbiter 

14 


CONFIGURATIONS  INVESTIGATED 


The  0.030-scale  Aero  Loads  Model,  47-OTS,  was  configured  after  the 
Shuttle  Vehicle  MCR  0200  Baseline  Rl.  as  define.-;  in  drawing  number  VL70- 
000088B.  The  orbiter  configuration  was  a combination  of  the  VL70-000140A 
orbiter  and  a VL70-000140B  wing  and  midbody,  from  which  the  140A/B  designa- 
tion was  derived.  The  basic  launch  configuration  consisted  of  the  orbiter, 
an  external  tank  with  simulated  fuel  and  vent  lines,  and  two  solid  rocket 
boosters,  designated  0^  T^2  ^]2  '^25- 

Three  launch  configurations  were  tested.  One  was  the  basic  configuration 
described  above  mounted  on  a dual  balance  and  sting  arrangement,  illustrated 
in  figure  2d.  A second  contained  attach  hardware,  designated  AT^q.  mating 
the  orbiter  with  the  external  tank  and  mounted  on  a single  sting  and  balance 
in  the  orbiter,  illustrated  in  figure  2b.  The  third  utilized  a similar 
attach  hardware  configuration,  designated  AT,^,  which  was  attached  to  the 
orbiter  but  not  to  the  external  tank  and  was  mounted  on  the  same  dual  sting 
and  balance  arrangement  as  the  basic  configuration  (figure  2c).  In  all  three 
configurations,  the  SRB-to-ET  attach  hardware  was  simulated  at  the  forward 
attach  location  but  not  at  the  aft  attach  location.  Model  and  component 
general  arrangements  are  shown  in  figures  2e  through  2o. 

Description 

^1  140A/B  orbiter  minus  the  main  propulsion  system 

nozzles 

^12  324-inch  diameter  external  tank  with  ogive  nose 

and  external  fuel  and  vent  lines 

^12  142.3-inch  diameter  solid  rocket  boosters 
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•^25 

Nozzles  for  5^2  boosters 

'^^lO 

Orbiter- to-ET  attach  hardware,  fixed 
vehicles 

to 

both 

ATn 

Orbiter- to-ET  attach  hardware,  fixed 
only 

to 

orbi ter 

LV 

0i  T^2  ^12  ^^25 

LVA 

0i  T^2  ^12  ^25  AT^q 

LVAP 

0i  T^2  ^12  •'^25  ^^11 

The  orbiter  0-|,  consisted  of  the  following  components: 
^26  ^9  ^8  ^7  ^28  ^8  ^5  '^116  ^26* 


C 

F 

M 


9 

8 

7 

28 


V 

R 

W 

E 


5 

116 

26 


Double  delta  wing  fuselage,  140A/B 
Canopy,  140A 

Body  flap,  140A 

QMS  pods,  140A 

QMS  nozzles,  140A 

Vertical  tail,  140A 

Rudder,  140A 

Double  delta  wing,  140B 

Elevens,  140B 


Parametric  investigations  were  limited  to  angles  of  attack  and  side- 
slip with  all  orbiter  control  surfaces  at  0°  deflection. 


INSTRUMENTATION  DESCRIPTION 


The  left  side  of  the  orbiter  and  the  external  tank  and  the  left  hand 
SRB  were  extensively  instrumented  with  pressure  orifices  for  measurement 
of  surface  static  pressure  distributions.  Additionally,  there  were  clusters 
of  orifices  around  inter-component  attach  structure  locations  on  the  right 
hand  side  of  the  orbiter  and  external  tank.  The  orbiter  contained  471 
operational  orifices,  of  which  83  were  clustered  around  attach  structure. 

The  external  tank  contained  270  operational  orifices,  of  which  127  were 
clustered  around  attach  structure.  The  SRB  contained  124  operational 
orifices.  A three-tube  total  pressure  rake  was  Installed  in  the  opening 
between  the  orbiter  and  external  tank.  Tables  and  sketches  defining  orifice 
locations  are  included  in  this  report.  All  model  pressures  were  measured 
by  model  mounted  Scanivalve.  Inc,  s-type  scanivalve  modules  - twelve  in 
the  orbiter,  seven  in  the  external  tank,  and  five  in  the  SRB. 

Force  instrumentation  consisted  of  a six-component  internal  force 
balance  in  both  the  orbiter  and  external  tank  for  the  LV  and  LVAP  con- 
figurations, and  a single  six-component  Internal  force  balance  in  the 
orbiter  for  the  attached  LVA  configuration. 


TEST  facility  DESCRIPTION 

The  tests  were  conducted  in  the  Ames  H-  by  11-Foot  Transonic  Hind 
Tunne]  which  is  a variable  density,  closed  return,  continuous  flow  type. 

This  tunnel  has  an  adjustable  nozzle  (two  flexible  walls)  and  a slotted 

test  section  to  permit  transonic  testing  over  a Mach  number  range  continuously 
variable  from  0.4  to  1.4. 


DATA  REDUCTION 


Data  were  reduced  to  coefficient  form  about  body  axes  using  the 

following  reference  constants: 

2 

Sprc  = 2.421  ft  reference  area  for  force  and  moment 

coefficients 

^REp  = 38.709  in  reference  length  fo'^  moment  coefficients 

A^  = 0.07670  ft^  Orbiter  sting  cavity 

A2  = 0.21340  ft^  Orbiter  heat  shield  base 

A3  = 0.08560  ft^  Orbiter  OMS  base  (2) 

A^  = (see  table  below)  Orbiter  speed  brake  base 

2 

^501  " ° .07266  ft  Tank  sting  cavity 

A302  ■ 0.44264  ft^  Tank  base 

^801  ~ 0* 19600  ft^  SRM  nozzle  base  (2) 

^802  " 0*16590  ft^  SRM  skirt  base  (2) 

>ScD  = 0 deg  A4  = 0 ft^ 

14.92  0.02327 

24.92  0.03866 

34.92  0.05370 

54.92  0.08252 


84.92  0.12083 

Xmrp  ^ 0 in 

^MR?  " ^ 


The  incidence  angle  between  the  orbiter  and  the  external  tank  is 
equal  to  zero  for  angle  of  attack  and  angle  of  sideslip.  Therefore,  the 
angle  of  attack,  ALPHA,  used  in  the  force  plots  is  equal  to  ALPHAO.  Also 
the  angle  of  sideslip,  BETA,  used  in  the  force  plots  is  equal  to  BETAO. 

The  force  and  moment  data  recorded  by  the  orbiter  balance  for  con- 
figuration LV  and  LVAP  are  identified  as  RBIOXX  datasets.  Force  and 
moment  data  recorded  by  the  tank  balance  for  configuration  LV  and  LVAP 
and  by  the  orbiter  balance  for  LVA  (composite)  are  identified  by  RBIIXX. 

The  pressure  data  were  recorded  for  each  component.  The  fourth 
character  in  each  dataset  identifier  (i.e.  RBIBXX,  B for  fuselage)  repre- 
sents the  ind'i vidual  component.  The  following  list  indicates  the  symbol 


for  each  component. 

SYMBOL 

B 

C 

L 

r 

M 

I 

IJ 

R 

V 

s 

T 

X 


COMPONENT 

Orbiter  fuselage 

Orbiter  base 

OMS  nozzle 

Body  flap 

OMS  pod  outside 

Lower  wing  surface 

Upper  wing  surface 

Right  vertical  tail  surface 

Left  vertical  tail  surface 

SRM  booster 

External  tank 

SRM  nozzle 
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SYMBOL  COMPONENT 

Y External  tank  base  & SRM  booster  base 

1 Orbiter  attach  points 

2 External  tank  attach  points 

3 External  tank  base  rake 
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TEST  : 


TABLE  I. 


TEST  CONDITIONS 


date:  9-13-73 


MACH  NUMBER 


REYNOl.OS  NUMBER 
(per  unit  length) 


DYNAMIC  PRESSURE 
(pounds/sq.  ft.) 


STAGNATION  TEMPERATURE 
(degrees  Fahrenheit) 


lAdLF  I.  - Concluded. 


■TEST  ; ia-IAA J jpATE:  9-13-73 

‘ TEST  CONDITIONS 


MACH  NUMBER 

— 

REYNOLDS  NUMBER 
(per  unit  length) 

DYNAMIC  PRESSURE 
(pounds/sq.  f't) 

STAGNATION  TEMPERATURE 
(degrees  Fahrenheit) 



L _..0.._60 

4.0  X 10^ 

480 

120 

0.7b 

4.25  X 10^ 

610 

120 

■ 0.B5 

4.5  X 10^ 

710 

120  . 

£L.9£L_ 

4.5  X 10^ 

_ . ZSD  _ . 

.120. 

0.95 

CO 

o 

X 

in 

__  _ ___ 

. _ . .12Q  _ 

0.975 

4.25  X 10® 

750 

120 

— f 

O 

cn 

4.25  X 10® 

790 

120 

1 . 1 0 

4,0  lO*^ 

760 

120 

l.i!? 

3.75  X 10® 

720 

120 

iT^ 

2.75  X 10^ 

735 

i?n 

LiiL L 3.0  X IQ^ 

620 

120 

; 

1 ■ 

" ■ 1 



1 

1 

0ALANCF 

2.5-in  MK  XX 

(ORB.),  2 

.75-in 

MK  I (ET) 

CAPAl'IiY; 
MK  XX  MK  I 

ACCURACY: 
MK  XX  MK  I 

COEFFICIENT 

TOLERANCE: 

6000 

7500 

0.2.^ 

0.2% 

Si' 

3000 

3750 

0.2% 

0.2% 

' AF 

bCu 

700 

0.2% 

0.2% 

i 

L 

i\M 

sOOO 

Uooo 

D.2Y. 

0 . - 

! V • ^ 

J 

! 

COMMi  NiS'  Ti“  ' MiHii  Lions  for  LV  model  config. 


i 
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NOT  AVAILABLE 


TEST  R'JN  NUMBERS 
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TABLE  III-  - MODEL  DIMENSIONiLL  DATA 


MODEL  COMPONEUT:  ATTACH  STRUCTURE  • ATi^q 

GEIDERAL  DE3CRIPTI0K : AtLach  3ox-uctui*e  for  InteKrated  Vehicle  Conf iKuration 

k per  VL72-QOOO88B  and  '/L72-000089,  modified  as  follovo;  Reaioved 

ET-to-SRM  aft  a"  :ach  struts  (U)  and  left  orblter  to  risht  ET  aft 


attach  crossover  rod. 


MODEL  SCALE;  0 .0^0 


DRAVING  NO.:  SEE  DESCRIPTION 

DIMENSIONS: 

FORWARD  ATTACH 

Orblter  to  Tank 

Number  o'  struts 
Dituneter  - In. 
Location  In. 

Xip 

DRAG  LINK  ATTACH 
Orblter  to  Tank 

Number  of  struts 
Diameter,  In. 
Location,  In. 

Xo 

Xiji 


AFT  ATTACH 

Orbltei'  10  Tank 

Number  of  struts 
Diameter  - In. 
Location  - In. 


FULL  SCALE 


2 

6.000 

382.000 

1078.000 


2 

13.000 

1307.000 

1839-000 


2 

12.000 

1307.000 

2056.000 


CROSSOVER  ROD  (RIGHT  ORBITER  TO  LEFT  ET) 

Diameter,  In.  8.000 

Location  - In. 


Xq  1307.000 

2038.000 


MODEL  SCALE 


_2 

JLISQ. 

32.340 


_2 

QAsa 

ihm. 

55.770 


0.360 


39.P10 

61.7^0 


0.24(D 


39.210 

61.74o 


TABLE  III.  - Continued. 


MODEL  COMPONEMT:  ATTACH  STRUCTURE  - ATj^j^ 

general  DESCRIPTION:  Attach  structure,  same  as  ATm  except  the  forward 

ftltaaii  struts,  arg  rotated  to  thQ  vertical,  and  the  structure 

£r.Oa  thg  orhlter  hnt  ts  not  attached  to  the  tanlf. 


MODEL  SCALE:  p.p^ip 


DBENSIONS; 


FULL  SCALE 


FORWARD  ATTACH 

Orbiter  to  Tank 

Location  - In. 

Xj 

Clearance,  tank  to  strut  - In. 


DRAG  LINK  ATTACH 
Orbiter  to  Tank 

Clearance,  tank  to  strut  - In. 

AFT  ATTACH 

Orbiter  to  Th-nk- 

Clearance,  Thnk  to  strut  - In- 


Crossover  Rod 
Clearance 


363.000 

1133.000 

16.667 


8 >333 


8.333 


MODEL  SCALE 


lUiEO. 

33.990 


^-.300 


0.250 


0.250 


o^?po 


tank  to  strut  - In. 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  BODY  - 


GENERAL  DESCRIPTION:  Orbiter  Fusclar.e  Configuration  140  A/B 

NOTE:  B7A  identical  to  B24  except  underside  of  fuselage  refaired  to 

accept 


Model  Scale  = .030 


VL70-000193 

DRAWING  NUMBER;  VL70-000M0A 


DIMENSIONS: 


FULL-SCALE  MODEL  SCALE 


LenQth  (Body  Fwd  Sta  = 238)  - in.  1293*3 
Max.  Width  (at  = 1520)  - in.  ^62.0 

Max.  Depth  (at  x^  = 1464)  - in.  250.0 

Fineness  Ratio  0.26357 

Area  - ft* 

Mai{.  Cross-Sectional  340.88462 

Planform  _______ 

Wetted  

Base  


38.799 

7.860 

7.500 


0.26357 


0.30679 


32 


r 


TABLE  HI.  - Continued. 


MODEL  COMPONENT;  CANOPY  - C9 : 

. r 

I • 

GENERAL  DESCRIPTION;  Configuration  3A 


Itodel  Scale  -q3q 
DRAWING  NUMBER 
DIMENSION; 


VL70-00014CA 
VL70-CQQ] 4^A 


Length  (X^=434.643  to  670) 
Mok  Width  (i  Xo=513.l27) 
Mox  Depth  (H  Xo=4£5.0) 

f 

Fineness  Rotic 
Areo 

Mox  Cross-Sectionol 

Plonform 

Wetted 

Bose 


FULL  SCALE 

235^357 

152.U2 

25.000 


MODEL  SCALE 

7.06071 

4.57236 

0.75000 


33 


I 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  ELEVON  - E?e 


GENERAL  DESCRIPTIO  N;  CorifiTJ  ration  4 


fXTTE:  VL70-0C0  400  for  (l)  of  (2) 

sidns.  Identical 

to  E25  except 

airfoil  thickness 

Model  Sc?le  = .030 

VL70--OOC  200 

DRAWING  NUMBER:  VL70-OOOUC 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area 

223. 5PU 

0.20122 

opan  (oquivt'lent) 

368. 3L 

11:05020 

Inb'd  equivalent  chord 

119.623 

Outb'd  equivalent  chord 

55.1922 

-1.6S577 

Ratio  niOval)lo  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

0.2096 

0.2096 

At  Outb'd  equiv.  chord 

O.ACOL 

O.LCOL 

Sweep  Back  Angles,  degrees 

Leadi ng  Edge 

0.00 

■ 0.00 

. s.  Tailing  Edge 

- -10.056 

-10.056 

Hingcline 

0.00 

0.00 

Area  Moment  (NonTial  to  hinge  line) 

% 

851.1502 

0.76604 

• 
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'TABLE  III.  - Continued. 


MODEL  COMPONENT:  _ Body  Flap  - 
GENERAL  DESCRIPTION;  Confir^rr.tion  4 


Model  Scale  - .030 

DRAWING  NUMBER  VL70-000140B, 

VI, 70-000200 

DIMENSION: 

FULL  SCALE 

MODEL  SCALE 

Length  in. 

84.7  _ 

2.5U 

Mok  Width 

262.308 



Mox  Depth  in. 

23.000 

Fineness  Rofio 
Area  - ft* 

Mox  Cross-Sect’onol 
Plonform 

158.85350 

0.14297 

Wetted 

Base 

41.89642 

0.03771 

t 


I 

TABLE  III.  - Continued. 


MODEL  COMPONENT:  QMS  POD  - M; 

GENERAL  DESCRIPTION:  ^:orJ-iTire.tion  3A 


{ 


Model  Scale  * .030 

VL70-000U0A 

DRAWING  NUMBER  7L70-00C1A5 

DIMENSION:  FULL  SCALE 

I . ^ ■ I ■ ■ ■ " - ■ 

length  (OTS  Fwd  Ste  Xo=l233.0)  - ni.  327.000 
Mok  Width  (0  Xo-U50.0)  - DI.  9L.5 

Mox  Depth  (T  Xo=U93.0)  - IN.  109.000 

Fin«(iej$  Rotio  

Arco 

Mox  Cross-Sectionol  ■ 

Planform  

Wetted  

Base 


MODEL  scale 

9.810 

2.8350 

i-220 


TABLE  III.  - Continued. 


MODEL  CONIPON'EMT;  BSRM  NOZZLES  - N25 

GENERAL  DESCRIPTION:  "onfip"irc.tion  3A  SSRM  Jtozzlea 


Model  Scale  = .O.-.Q 

VL72-0:;CC-^.v 
DRAWING  NO.  vt'’7-CCO'T^ A 

DIMENSIONS 

« 

FULL-SCALE 

MODEL  SCALE 

MACH  NO. 

DIAMETER  DEX  ~ IN  {One  Nozzle) 

141.3 

4.2390 

DIAMF.TER  DT  - IN 

DIAMETER  DLN  ~ IN 

ON-DEGREES 

AREA  - FT^  (One  Nozzle) 

MAX  CROSS-SECTIONAL 

108.89595 

0.09801 

GIMBAL  ORIGIN 

Yf) 

, Zo 

I£FT  NOZZLE  ~ IN,  F.S. 

1825.3 

-243 

uoo 

RIGHT  nozzle  - IN.  FS 

1825.3 

+243 

4C0 

NULL  POSH  I ON  - D’ZO. 

PITCH 

YAW  

LEFT  NOZZLE 

RIGHT  NO.ZZLE 

i8 

+8 
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TABLE  III.  - Continued. 


MODEL  COMPONENT;  NOZZLES  - N28 

GENERAL  DESCRIPTION:  Cont‘i-'-jr»it?.cn  3A  0!!S  ::o7,21g 


Model  Scale  = ,030 


DRAWING  NO.  VL70-0001L0A 


DIMENSIONS  FUIL-SCALF.  MODEL  SCALP 

¥ 

MAQI  NO,  

DIAMETER  DEX  ~ IN  (One  nozzle) 

DIAMETER  DT  ~ IN 
DIAMETER  DIN  ~ IN 
ON -^DEGREES 


AREA  - Ft^  (one  nozzle) 
MAX  CROSS-SECTIONAL 


GIMBAL  ORIGIN 
LEFT  N0E.:LE  - 
RIGHT  NOZZLE 
NUIJ.  POSITION 


IN. 

IN. 


Js. 


I5I8.O 


-88.0 


I5I8.O 


+88.0 


L92.0 

492.0 


NOZZLE  (’•’L.l  Pitch  15°49';  Ys-v  12®17' 

OUTS'D) 

RIGHT  NOZZLE  (Hull  Pitch  15®49':  Yaw  12°17' 

OUTB'D) 


PITCH 

YAW 

1 +po 

XPTT 

L-  ij  1 

2*30’ 

, +8“ 

13017 • 

2®17' 

T.jni- 
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ORIGINAL  PACK  IS 
01"  POOR  QUALIlTf 


TABLE  III.  - Continued. 


MODEL  COMPONENT:  RUDDER  - R5 ' 

GENERAL  DESCRIPTION:  2A,  3 and  3A  Configuration  per  Rockwell  Lines 

VL70-X0095  


Model  Scale  = -030 

DRAWING  NUMBER:  VL70-000095 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area  - ft2 

106.38 

0.09S74 

Span  (equivalent)  - IN. 

201.0 

6.0300 

Inb'd  equivalent  chord 

2'.  74755 

Outb'd  equivalent  chord 
Ratio  movable  surface  chord/ 

50.821. 

1.52499 

total  surface  chord 

At  Inb'd  equiv.  chord 

0.400 

0.400 

At  Outb'd  equiv.  chord 

0.400 

0.400 

Sweep  Back  Angles,  degrees 

* 

Leading  Edge 

— 3k-82_ 



Tailing  Edge 

26.25 

-2-6.25 

Htngeline 

— Jitiil,, 



Area  Moment  (Normal  to  hinge  line)- 

526.13  ... 

0.01420 

Product  of  Area  and  Kean  Chord 

• 
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TABLE  III.  - Continued. 


MODEL  COMPONENT:  BOOSTER  SOLID  POCKET  MOTOR  - 

i • 

GENERAL  DESCRIPTION:  Configuration  3A,  Data  for  (1)  of  (2)  sides, 

per  Rock>;ell  Lino?  VI.77-C00036A ; 


.Model  Scale  = .030 

VL72-000088A 

DRAV/ING  NUMBER  ^ VL77-000036A 

DIMENSION;  ^ FULL  SCALE  MODEL  SCALE 


Length  (includes.  Nozzle)  - IN. 
Max  Width  (Tank  Dia)  - IN. 

Mox  Depth  (Aft  Shroud)  - IN. 
Fineness  Rafio 
Areo  - FT2 

Max  Crosi-Sectlonal 
Planform 

Wetted 

Base 

WP.of  BSRM  Centerline  (Zt)  - IN. 
FS  of  BSRI4  Nose  (Xx)  - IN. 


1741.0 

142.3 

192.0 

9.06771 

201.06193 


400 

200 


52.2300 
4.2690  . 

5.7600 
' 9.06771 


0.18096 


12.000 

6.000 
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TABLE  III.  - Continued. 


MODEL  COMPONENT:  EXTERNAL  TANK  - T12 


GENERAL  DESCRIPTION;  External  Oxycjen  Hydrogen  Tank 


NOTS: 

Id3ntical  to  Til  v.'ith  e;tternal  fuel  lines  added 

Model 

= QiflL- 

VL76-000031A 

DRAWING  NUMBER  VL78-000041A 

DIMENSION; 

FULL  SCALE 

MODEL 

Length  - IK.  (Nose  0 X-p  = 309) 

1865 

57.629 

Mox  Width  (Dia)  - IN. 

324 

9.72 

Mox  Depth 

Fineness  Ratio 

5.75617 

5.75617 

Area  - FT^ 

Max  Cross-Sectional 

572.555 

17.177 

Plonform 

Wetted 

Base 

• 

WP  of  Tank  Centerline  (Xj)  - IN. 

AOO.O 

TABLE  III.  - Continued. 


MODEL  COWPONEffT;  VF->^TICAL  - Vg  , 

GENERAL  DESCRIPTION:  Confjg'iraticn  3.a 

HOTS:  Sirllgr  to  V5  vr.th  rr-diiis  or.  TK  up;:er  ccrr.er  fr.d  IT* 

where  vertical  r.^ets  f'csela^e. 


ModeT  Scale  ~ .030 


DRAWING  NUMBER;  VL70-OOOU6A 


DIMENSIONS:  FULL-SCALE 


TOTAL  DATA 

Area  (Theo)  Ft^  ^3 .253 

Planform 

Span  (Theo)  In  315. 7?0 

Aspect  Ratio  1.675 

Rate  of  Taper  Q.5Q7 

Taper  Ratio  0.A0399 

Sweep  Back  Angles,  degrees 

Leading  Edge  45.00 

Trailing  Edge  25.947 

0,25  Element  Line  41.130 

Chords; 

Root  (Thao)  WP  26e.5*X> 

Tip  (Theo)  WP  10S.4"4'> 

MAC  199.P0'^S6 

Fus.  Sta.  of  .25  MAC  1463. 5^ 

W.  P.  of  .25  MAC  635. 5P? 

B.  L.  of  .25  MAC  0.00 

Airfoil  Section 

Leading  Wedge  Angle  Deg  10.00 

Trailing  Wedge  Angle  Deg  14 . 

Leading  Edge  Radius  (!'dn)  - IN.  ?.qp 

Void  Area  t^.i? 

Blanketed  Area  0.00 


ccrr.er 


MODEL  SCALE 


0.37193 


-5^.4.7160.... 

T : V . If  ■ 

0.')(  1 

0. 



25.^4^' 

41.1300 


8.05S00 

3.25410 

5.99425 


43.9050 

19.06566 


10. '^0 


0.060 

0.01185 


* 
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TA13LL  III.  - Concluded. 


MODEL  co.-;pone;it:  in;r.-u'i  k, 

GENERAL  DESCRIPTIC:i;_  Configuration  4 

NOTE:  Identical  to  except  airfoil  thickness.  Diliedral  angle  is  along 

trailing  edge  of  wing. 

Model  Scale  = 


TEST  NO. 


DWG.  NO.  VL70-00 


Vl.70-00^B 


DIMENSIONS: 


FULL-SCALE 


TOTAL  DATA 
iAre'a'  ifneo . ) 

Plan  form 
Span  (Theo  In. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  /agio,  d2grc-es(at  Xq=1S06.623,Yo= 
Incidence  Anglo,  degrees  los,  2o=  282.75) 
Aercdynariic  Tv/i  St , degrees 
Sweep  Back  Angles,  degrees 
Leading  Edge 
Trailing  Edge 
0.25  Element  Line 
Chords: 

Root  (Theo)  B. P.0.0, 

Tip,  (Theo)  B.P. 

. MAC 

• Fus.  Sta.  of  .25  MAC 
. . W.P.  of  .25  MAC 

B.L.  of  .25  MAC 
EXPOSED  DATA  ^ 

Area  Oh^^o)  Fc 

Span,  (Theo)  In.  BP103 

Aspect  Ratio 

Taper  Ratio 

Chords 

Root  BP108 
Tip  1.00  b 

MAC  ^ 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  FAC 

Airfoil  Section  (Rockwall  Mod  NASA) 

XXXX-64 

Root  b » 0.425 

1 

Tip  b 1.00 

7 

Data  for  (1)  of  (2)  Sides 
Leading  F.d^;a  Cuff  ^ 

Planform  Area 

Leading  Edge  IntcrseLts  Fus  M.  L*  0 Sta 
Leading  Edge  Intersects  Wimj  0 Sta 


2690.00 

936.6816 

2.265 

1.177 

0.200 

3.SOO 

45.00 
•no  .’056'' 
35.209 


689.2429 

137.8486 

474.8117^ 

U?6,72L_ 

291.00 

187.3349] 


1812.2205 


736 . 681(x 
2.058  ' 
0.2451 


570.6230 

354.2376 

1164.237 

292.00 

239.67786 


0.113 

0.12 


TT8  . 3 3 3 

505.0 

1003.. S 


MODEL  SCALE 


JLiIJSL 

28?10Q45. 

2.265 

1.177 

0.200 

5.500 

0.500 

♦3.000 


45.00 

-1U.U56- 

35.209 


ziuaiz? 

■ ■„,.14.24.4i5 

5.62QQ5 

1.63010 

— 2TTTWm 


2.05S 

0.2451 


17.11869 


..■Z,1903iL. 


0.113 


0.12 


JLLQt^Q 

JLlAiQQQ 

ioaosoa 
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ORIGINAL  PAGH 
OF  POOR  QUALITY 


ORBITER  FUSELAGE  PRESSURE  ORIFICE  LOCATIONS 


datasets 


ORbITER  WING  PRESSURE  ORIFICE  LOCATIONS 


t side)  and  RBIRXX  (right  side) 


TABLE  VII.  - ORBITER  BASE,  BODYFLAP.AND  OMS  NOZZLE  PRESSURE  ORIFICE  LOCATIONS 


ordITCr  base 


data  in  datasets  RBIFXX 


LEFT  OMS  NOZZLE  SURFACE 


data  in  datasets  RBlf-XX 


TABLE  VIII.  - EXTERNAL  TANK  PRESSURE  ORIFICE  LOCATIONS 
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TABLE  IX.  - SRM  PRESSURE  ORIFICE  LOCATIONS 


1741  IN,  FULL  SCALE 
52.53  IN.  MODEL  SCALE 


TABLE  XI.  - EXTERNAL  TANK  ATTACH  POINT  PRESSURE  ORIFICE  LOCATIONS 


Xt  Full 
Scale 

1103 

1093 

1083 

1073 

1063 

1053 

1043 

X'p  liodel 
Scale 

33.09 

— 

ro 

32-49 

32.19 

31.89 

31.59 

31.29 

XtAt 

.424 

.419 

.413 

.408 

.402 

.397 

.591 

0 

DEO. 

FVD 

684 

676 

* 

668 

660 

182. 8h 

attach 

POINT 
(ORDirER 
TO  E-T) 

685 

677 

669 

661 

136.38 

686 

679 

670 

k - 4 

662 

655 

189.92 

687 

679 

671 

663 

656 

652 



193.46 

688 

680 

[ 657 

^3 

! 197.0  j 

j 

689 

681 

673 

665 

658 

654 

2X.54  1 

690 

682 

674 

666 

659 

204.05  1 

691 

683 

675 

667 

207.62  1 

1 1 

data  in  datasets  RB12XX 


TABLE  XI.  - EXTERNAL  TANK  ATTACH  POINT  PRESSURE  ORIFICE  LOCATIONS 

(CONTINUED) 


FWD 

DRAG 

LINK 

ATTACH 

POINT 


X.^  FULL 
SCALE 

1874 

1864 

1854 

1844 

1834 

1624 

1814 

X.^  MODEL 
SCALE 

56.22 

55.92 

55.62 

55.32 

54.42 

X.J./2.J 

.339 

.834 

.828 

.823 

— 

.318 

.812 

..807 

0 

DEG. 

719 

713 

707 

222,84 

720 

714 

708 

701 

226.38 

721 

715 

"09 

702 

696 

229.92 

722 

710 

705 

697 

693 

233.46 

704 

j 

698 

694 

692 

237.00 

699 

695 

240.54 

723 

718 

712 

706 

7C0 

244.08 

data  in  datasets  RB12XX 
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Positive  directions  of  f( 
moment  coefficients,  a 
indicated  by  arrows 


is  Systems 


HSrERf2»C2  DIKfcI«3I0 


Fiijuf'e  2.  - Cont 


k.  Body  flap,  Fg,  lines  drawing  no.  VL70-000140A/B 
Figure  2.  - Continued 


^ m.  Eleven,  E25,  lines  drawing  no.  VL70-000200,  VL70-000140A/B 

■ Figure  2.  - Continued  | 

I 68 
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1S98.5% 

815.72 


8TERFACE  PUWE  HITH  AFT  FUS. 


DATA  FIGURES 


Note:  Correspondence  between  parameter  values  and  plot  grids  (multiple 

grids  per  page)  - first  parameter  value  is  presented  on  left  hand 

grid. 
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X/LB 

ni<;TR!BlJTIQN  OF  ORBITER  FUSELAGE  PRESSURES 


PARAMETRIC  VAL 


LCNGIIUOIK'AL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


ONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


:am  0:-''!2*S!2N25»a’10  3R3.  cijSElaGS  tRS!933) 


FUSELAGE  PRESSURES 


mimti|TirTnTTr|TTrT|nTT|TiTT|rmprir|MTi|rriijTrif|rrrfmfT|iKiTrirrjiiifTrinrfinfrriifnrrrTiT»nnrfTnrjfurpri 


X/LB 

longitudinal  distribution  of  orbiter  fuselage  pressures 


DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 
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LONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 
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LONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


FUSELAGE  PRESSURES 


LONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 
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x/lb  x/lb 

LONG'Tl;D!NAL  DISTRiSUTION  Cr  C!^3!TER  FUSELAGE  PRESSURES 


FUSELAGE  PRESSURES 


STRIBUTION 


X/LB 

LONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


ARCl 1-716  IA14  01+T12+SI2N25+AT10  ORB.  FUSELAGE  CR31B33D 


O O 


X/LB  X/LB 

LONGITUOINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


ARC11-7!G  !AM  01+'^!2+S12N25+AT1O  ORB.  FUSELAGE  CRB1B333 


X/LB 

LONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


X/LB  X/LB 

LONGITUDINAL  DISTRIBUTION  OF  ORBITER  FUSELAGE  PRESSURES 


FUSELAGE  PRESSURES 


)'.  iOO 


X/LB  X/L8 

LONGITUDINAL  DISTRIBUTION  OF  QRBITER  FUSELAGE  PRESSURES 


x/lb  x/lb 

LCNG!’US:mal  DISTRISunCN  CP  orbiter  fuselage  pressures 


FUSELAGE  PRESSURES 


DISTRI3UTI0N  OF  ORBITER  FUSELAGE  PRESSURES 


FUSELAGE  PRESSURES 
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